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Abstract 

We investigate the momentum dependence of the g* — g — rf vertex form 
factor in the presence of the nonperturbative QCD vacuum condensate. The 
behaviour of this form factor is crucial for, among other things, some pro- 
posed mechanisms devised to explain the large branching ratio for fast n' 
production in charmless B decays observed by CLEO. We show that the lead- 
ing momentum dependence of this vertex form factor is not altered when the 
contribution of nonperturbative quark condensate is considered. 
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The recent observation at CLEO of a large branching ratio for B — > X s r/ decay |lj 
has led to various attempts for a theoretical explanation. Most of these attempts rely 
on rf being produced via its anomalous coupling to two gluons, which is parametrized by 
the form factor H(q 2 ,p 2 ,m 2 ) with q and p being the four momenta of the gluons 
The momentum behaviour of this form factor is crucial for the success or failure of these 
proposed mechanisms. For example, H(q 2 ,0,m 2 ,) m H(0,0,m 2 ,) has been assumed in Ref 
[2], so as to obtain results which agree with experiment. It has been pointed out, however, 
that a sigma-model calculation of g* — g — rf vertex (g* and g are off-shell and real gluons, 
respectively) leads to a significant momentum dependence of the form H(q 2 , 0, m 2 ,) ~ l/(g 2 — 
m 2 ,) ||. In attempting to account for the B — > X s rf branching ratio, it is of interest 
to determine whether this leading momentum dependence is altered by nonperturbative 
QCD contributions. In this paper, we calculate the quark condensate component of the 
nonperturbative contribution to H to investigate whether the insertion of the < ff > 
augmented quark propagator in the triangle loop alters the leading momentum dependence 
of the vertex form factor. The purely-perturbative form factor H(q 2 ,0,m 2 ,) for the vertex 
g* — g — rf (Fig. 1) is found to be 
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g 1 } is the coupling of rf to the quark of flavour /, and g s is the strong interaction coupling 
constant. We note from Eq. (2) that the leading momentum dependence of H ~ l/(g 2 — m 2 ,) 
indicates a significant suppression of this form factor at large q 2 . As a result, the mechanism 
suggested in Ref. [2] for B — > X s rj' decay falls short of experimental data by at least an order 



of magnitude. A reconciliation of this mechamism to experiment, however, may be possible 
from a hardening of the leading momentum dependence of H by the nonperturbative content 
of QCD, content which is not taken into account in Eq. (2). We investigate this possibility 
by calculating the quark-condensate contributions to the form factor H. QCD condensates 
characterize the nonperturbative content of the QCD vacuum, and therefore, the inclusion of 
a quark-condensate insertion should give us some indication of the leading nonperturbative 
contributions to H. We proceed first by replacing the usual perturbative quark propagator 
in Fig. 1 with the full quark propagator S(k) ||: 

S(k) = S p (k) + S NP (k) = -i J d 4 xe ik - x < fi|Ttt(a:)*(0)|fi > , (3) 

where \Q > is the nonperturbative QCD vacuum. As a result, the nonperturbative contri- 
butions to the quark propagator can be written as 

iS NP (k) = J d 4 xe ik - x < Q\ : *(z)*(0) : \Q > . (4) 

The nonlocal vacuum expectation value (vev) in Eq. (4) can be expanded in terms of local 
condensates 0. To ascertain how leading nonperturbative QCD contributions affect the 
form factor H, only the lowest- dimensional (quark-condensate) component of the expan- 
sion is considered below. The quark-condensate projection of the nonperturbative quark 
propagator is taken from Ref. [6], 

iS NP (k) = (2ir)\ ltl k» + m f )F(k), (5) 

where the Fourier transform of F(k) is given by 

J K J Gm 2 f yfi? y 1 

F(k) has the following important on-shell property M: 

(k 2 -m))F{k) = . (7) 

The dimension-3 quark condensate < // > is the vev of the normal ordered local two-quark 
fields, i.e. 
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< // >=< tt\ : ^(0)^(0) :\tt> . 



(8) 



Using the Feynman rule of the Eq. (5), one can obtain the nonperturbative < ff > contri- 
bution to if in a straightforward manner. The relevant Feynman diagrams are illustrated 
in Fig. 2 where the nonperturbative quark propagator S NP is depicted by a disconnected 
line with two dots. For example, the expression for Fig 2a is written as follows: 
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where the gluon with four-momentum p is taken to be on-shell. To proceed, we use the 
following formulae: 
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where the second line is obtained from Eq. (6), and the final line from differentiation 
(with respect to a) of a tabulated integral ||, corresponding to the second line of (10). 
Consequently, the contribution of Fig 2a (Eq. (9)) is 
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Expressions for Figs. 2b and 2c are calculated in the same way, leading to the following 
aggregate quark-condensate contribution to g* — g — rf vertex: 
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We note that the leading momentum dependence of the quark condensate contribution to 
the vertex form factor is indeed the same as in (2); i.e., H <ff> ~ l/(q 2 — m 2 ,). Therefore, 
we conclude that the lowest-dimensional contribution from nonperturbative QCD does not 
alter the significant suppression of the g* —g — rj' vertex for large gluon virtualities. Whether 
or not this result is valid when higher dimensional condensates are considered remains to 
be investigated. However, one would anticipate the effect of higher-dimensional order pa- 
rameters to be negligible at large momenta, suggesting that the momentum-dependence of 
g* — g — r]' vertex form factor is not altered appreciably by nonperturbative QCD effects. 
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Figure Captions 



Figure 1: Quark loop triangle diagram ior g — g — rj' vertex. 



Figure 2: Nonperturbative quark condensate contributions to g — g — rj' vertex. 
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Fig. 1 




